In this study an in vitro exposure test to investigate toxicological effects of the volatile disinfection by-product trichloramine and of real indoor pool air was established. For this purpose a set-up to generate a well-defined, clean gas stream of trichloramine was combined with biotests. Human other disinfection by-products in the air of indoor pool settings contribute to that effect.
INTRODUCTION
Chlorination is the typical and inevitable method for disinfection of swimming pool water (SPW). Chlorine not only inactivates pathogens but it can also react with the bathers load and with raw water constituents to form partly toxic dis- oral exposure results in the inactivation of these THMs by enzymes in the liver. An increased risk of bladder cancer for swimmers versus non-swimmers was shown in an epidemiological study (Villanueva et al. ) . Barbee et al. () have undertaken a study to determine the acute toxicity of NCl 3 from inhalation exposure of 1 h. Besides that, not much is known of its toxicology.
The LC 50 (50% lethal concentration) for NCl 3 in rats was determined to be 112 ppm (∼550 mg/m 3 ). The acute inhalation toxicity of NCl 3 is higher than that of chlorine with a LC 50 of 293 ppm (Back et al. ) .
Detailed studies of the occurrence of trichloramine in indoor pool halls were performed just recently. Hery et al.
() developed a method for the determination of trichloramine concentrations in the air. Adverse health effects on respiratory functions and on the risk of developing asthma from attending chlorinated swimming pools were reported in epidemiological studies (Bernard et 
MATERIAL AND METHODS
Trichloramine generation, analysis and exposure unit
The set-up of the trichloramine exposure unit consisted of six parts: (1) generation of the trichloramine gas; (2) cleaning step; (3) analysing cell; (4) dilution of the gas stream;
(5) exposure chamber; and (6) final control of the trichloramine concentration of the diluted gas stream (Figure 1 ).
Trichloramine generation and dilution
All chemicals used for trichloramine generation were pro cell test from Merck) to check the purity of the produced NCl 3 gas. The NCl 3 gas stream was split into two parts.
One partial gas stream was trapped in 10 mL of cooled i-octane and analysed UV-spectrophotometrically every 10-30 min.
The second partial flow was diluted with synthetic air to give the required concentration. Dilution factors between 100 and 400 were adjusted with a needle valve and controlled with rotameters in each gas stream. The produced gas then flowed to a distribution system from which a much smaller but defined gas stream was sucked into the exposure unit. At 
Monitoring of the trichloramine concentration
The UV-analyses of iso-octane solutions containing the absorbed NCl 3 were performed by a Cary 50 spectrophotometer (Varian, Darmstadt, Germany). The concentration of NCl 3 was analysed at three wavelengths (λ ¼ 343 nm, exposure experiments a viability of 94.1 ± 3.4% (n ¼ 71), for the control experiments 95.3 ± 2.9% (n ¼ 71) was measured.
The total numbers of cells were in an optimal measurement range according to standard protocols (Butler ).
The test atmosphere was used without extra humidification or other modifications such as CO 2 addition. The gas stream over each transwell was controlled with flow meters. The exposure device was held at a constant temperature of 37 W C with an external water bath. For the exposure to indoor swimming pool air including the control experiment in the office temperature control was not necessary, since the temperature of 29 W C provided sufficient viability of the cells (viability:
88.7 ± 3.6% in pool air, 85.0 ± 2.3% in office air). Positive control experiments were performed by exposure to nitrogen dioxide (NO 2 ), a well-investigated airborne pollutant and a commercially available gas standard already applied in exposure studies with a CULTEX ® module (Aufderheide et al. ) .
Test concentrations from 4.2 to 12.4 mg/m 3 were obtained by dilution of a NO 2 stock gas (10.9 ppm NO 2 in synthetic air, 10 L gas cylinder, Linde Gas, Pullach, Germany) with synthetic air using mass flow meters. In parallel to each exposure experiment, control cultures were placed in a second CULTEX ® module which was exposed to synthetic air or 'clean' air of an office outside the pool hall in the same building.
Cell line and culture conditions
Human alveolar epithelial carcinoma cell line A-549 (ACC 
Cell viability
The cells from the membranes of the transwells were trypsinized by adding 500 μL trypsin-EDTA solution.
Subsequently the cells were gently suspended and 100 μL of the cell suspension was diluted in 9.9 mL CASYton (Roche). Aliquots were analysed with an electronic cell counter and analyser system (CASY, Roche).
Cytokines IL-8, IL-6
The cytokines IL-8 and IL-6 were chosen as pro-inflamma- The final diluted NCl 3 gas concentration used for the exposure experiments was controlled directly at the gas outlet. Differences between the trichloramine concentrations in the side gas stream and at the outlet were at maximum concentration. In conclusion the use of the described set-up enabled the generation of a pure and well-defined trichloramine gas stream for exposure experiments.
Cell viability and cytokine release after exposure to trichloramine
In the next step cytotoxic and inflammatory effects of The release of IL-6 as an inflammatory response indicator after 1 h of exposure to NCl 3 and NO 2 followed by two hours of recovery is presented in Figure 5 
Investigation of indoor pool air
The CULTEX ® device was further applied to study effects of indoor pool air on A-549 lung cells. The determined water quality parameters (Table 1) Table 2 . After a re-cultivation time of 2 h no IL-6 and IL-8 cytokines in the supernatant medium (detection limit of 2 pg/ml IL-6 and 29 pg/ml IL-8) could be measured for the exposed cells as well as for the 
CONCLUSIONS
In this study an experimental set-up was developed to generate a well-defined, pure NCl 3 gas stream to study toxicity effects of gaseous trichloramine and indoor swimming pool air on lung epithelial cells. . To achieve similar cytokine inductions in laboratory experiments with pure NCl 3 gas streams considerably higher concentrations were necessary. Therefore, the results suggest that additional volatile DBPs play a role in cytokine induction and that the complex mixture of pollutants in the swimming pool air may have additive effects on A-549 lung cells.
